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 The Estelle Property, located 170 km northwest of Anchorage, Alaska in the 
South Central Alaska Range, has been the focus of recent exploration activity for gold. 
Geological and geochemical investigations indicate that gold is spatially associated with 
felsic end-members of a series of zoned, Late Cretaceous intrusions that were emplaced 
into the Kahiltna terrane. A detailed study of outcrop and drill core samples was 
conducted to characterize host rock lithologies, intrusion compositions, and four main 
vein types including their mineralogy as well as their associated alteration mineral 
assemblages that are restricted to narrow selvages adjacent to veins. This study was also 
conducted to determine if the geology is consistent with a proposed reduced intrusion-
related gold system (RIRGS) model. 
 Examination of core samples indicated felsic lithologies associated with gold vary 
from a biotite granite/granodiorite at the Oxide Prospect to a quartz monzonite at the 
Shoeshine and Shadow Prospects to a quartz monzodiorite at the Discovery Prospect. 
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Examination of vein assemblages and cross-cutting relationships, using transmitted and 
reflected light petrography as well as scanning electron microscope and electron probe 
microanalyses, identified minerals associated with gold mineralization and determined 
the relative timing of mineral and vein formation.  Early Type 1 quartz veins were 
followed by Type 2 quartz-sulfide-Au-feldspar veins with albite-sericite alteration 
selvages and locally sheeted Type 3 quartz-sulfide-Au-chlorite veins, which appear to 
host most of the gold at the Estelle Property, with chlorite-sericite alteration selvages; 
Type 4 calcite veins formed last. The most significant gold mineralization occurs as 
inclusions of gold, bismuth, and tellurium within arsenopyrite that are inferred to be 
exsolution products from the replacement of loellingite and pyrrhotite by arsenopyrite. 
The variability of ratios between Bi and Te ± Au within inclusions is consistent with a 
Bi-Te melt scavenger model of formation, which suggests that a Bi-Te melt phase can 
extract up to 43 wt. % Au from a hydrothermal fluid. 
 Fluid inclusions were analyzed to identify pressure-temperature-chemistry 
conditions of the hydrothermal system at the time of vein formation at Estelle. Generally, 
three types of fluid inclusion assemblages were identified in Type 2 and Type 3 veins 
from the Discovery and Oxide prospects respectively. Class 1 assemblages contain 
irregular to sub-rounded two-phase, liquid-vapor inclusions with < 10 vol% vapor, and 
the inclusions have a diameter of 1-10 um. Class 2 fluid inclusion assemblages contain 
irregular to sub-rounded ≥ three-phase, liquid-vapor-halite inclusions with 1-10 vol% 
vapor, and the inclusions have a diameter of 2-20 μm. Class 3 fluid inclusion 
assemblages are 5-10 um diameter two-phase, liquid-vapor inclusions with 60-85 vol% 
vapor. The majority of inclusions from Type 3 veins in the Oxide prospect homogenized 
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to liquid between about 225 and 350°C and had salinities of 5 to 30 wt.% NaCl equiv. 
The majority of inclusions from Type 2 veins in the Discovery prospect homogenized to 
liquid between about 275 and 400°C and had salinities of 15 to 35 wt.% NaCl equiv. The 
presence of coexisting vapor-rich and brine inclusions in some Type 2 veins from the 
Discovery Prospect indicates trapping conditions of some fluids at approximately 250 
bars and 400°C. 
 Study results suggest that the 1) association of Au with Bi-Te, 2) association of 
Au with sheeted veins containing arsenopyrite, and 3) restriction of alteration to narrow 
selvages adjacent to veins at the Estelle Property are consistent with the genetic deposit 
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 The association of gold with igneous intrusions is a relationship that has long 
been documented and many deposit classes have been identified to explain the range in 
styles of mineralization. However, it was only in the 1990’s in response to gold deposit 
discoveries in interior Alaska and the Yukon Territory that the need for a new deposit 
class was recognized (Hart, 2007). These deposits are now recognized as a unique class 
of intrusion-related gold deposits distinct from gold-rich porphyry deposits (Sillitoe, 
2000) and gold-rich skarn deposits (Meinert, 2000). These new deposits were designated 
reduced intrusion–related gold systems (RIRGS) to emphasize their association with 
reduced (low fO2) granitoids and their characteristic low fS2 ore mineral assemblages 
(Thompson and Newberry, 2000). Other characteristics now frequently used to classify 
deposits as RIRGS include an Au-Bi-Te-As (±W, Mo, Sb) metal assemblage, intrusion-
hosted sheeted arrays of low sulfide-quartz veins, and alteration mineral assemblages 
restricted to narrow envelopes surrounding veins (Thompson and Newberry, 2000; Hart, 
2007).  Despite the evolving list of distinct RIRGS characteristics, the recent recognition 
of the RIRGS deposit class means that the geology of some known gold deposits is often 
met with debate. 
One such deposit with a genetic affiliation that has been debated is the Estelle 
property, located 170 km northwest of Anchorage, Alaska in the South Central Alaska 
Range (Figure 1). Millrock Resources Inc. began exploring the Estelle property in 2008 
and holds 549 adjacent mining claims in the area, totaling 349 km
2 
(Gibler, 2011). 
Previous work by exploration geologists at the Estelle property indicated that gold              
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mineralization was spatially associated with felsic end-members of a series of zoned, 
Late Cretaceous intrusions that were emplaced into the Kahiltna terrane. Gold 
mineralization was also classified as consistent with either a gold-only porphyry deposit 
or a reduced intrusion-related gold system (RIRGS). Those favoring a porphyry 
classification reported porphyritic textures in the biotite quartz monzonite to biotite 
granite phase of the Estelle intrusive units and locally in the leucocratic granite to quartz 
monzonite phase (Gibler, 2011). Those favoring a RIRGS classification cited the 
intrusions as being reduced (ilmentite-series) plutons. This study resolved the controversy 
surrounding the ore deposit class by bringing together detailed petrography, quantitative 
mineral analyses, and fluid inclusion observations in order to classify the Estelle gold 
deposit. 
The purpose of this study was to characterize the nature of gold mineralization at 
the Estelle property and determine whether the mineralization style fit either the reduced 
intrusion-related or a gold-rich porphyry model. To accomplish this task, three project 
goals were defined. The first goal, to characterize the intrusion compositions, was 
accomplished through macroscopic and microscopic examination of representative 
samples. The second goal was to identify vein types as well as their associated alteration 
mineral assemblages and determine vein and mineral paragenesis. This goal was 
accomplished by integrating petrographic studies with chemical microanalyses. The final 
goal was to characterize the ore fluid responsible for gold mineralization at the Estelle 
property. This goal was accomplished by conducting a preliminary fluid inclusion 
petrography and microthermometry study. 
The data generated in this study have expanded understanding of the nature of 
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gold-mineralization at the Estelle property, and indicate that deposit characteristics are 
consistent with a RIRGS; the results further contribute to the evolving body of 
knowledge concerning the RIRGS deposit class. Developing a better understanding of 
gold-bearing ore deposits is vital to the future of exploration geology and research that 
seeks to explain ore deposit models relies upon empirical data gained through detailed 
studies of individual deposits. Analytical results produced for the Estelle property will 
contribute to a greater reliability in predicting the location and quality of a given deposit 



















 Ore deposits in Alaska typically occur in magmatic belts associated with the 
complex tectonic evolution of the Cordillera of North America (Plafker and Berg, 1994) 
and reduced intrusion-related gold systems are no exception as they characteristically 
occur in magmatic systems that intruded continental sedimentary sequences (Thompson 
and Newberry, 2000). These ore deposit belts parallel the continental margin, exhibit 
varying degrees of metamorphism, and in the case of southwestern Alaska, are associated 
with subduction along the southern boundary of Alaska since the Late Triassic (228-199 
Ma) (Plafker and Berg, 1994).  Similarly, gold-only porphyry deposits form in magmatic 
arcs along convergent plate boundaries (Sillitoe, 2000). 
Geologic Setting, Regional 
 The Alaska Cordillera is characterized by accreted intraoceanic arc sequences, arc-
related accretionary prisms, and flysch basins that range in age from Proterozoic to 
Cenozoic; these terranes were intruded by post-accretionary, multiphase plutons mainly 
of Cretaceous age that locally metamorphosed and deformed the country rock (Figure 2). 
Relevant to this study is the Jurassic-Cretaceous accretion of the Wrangellia superterrane 
(Plafker and Berg, 1994) to the North American continent (Figure 3). This accretionary 
event resulted in the formation of a belt of discontinuous flysch basins that separated the 
Wrangellia superterrane (WR) from inboard terranes such as the Farewell and Mystic 
terranes with the Kahiltna basin occurring as the northwestern most of these flysch basins 
(Plafker and Berg, 1994). Jones et al. (1982) reported 95 to 90 Ma ages for the youngest 
marine rocks in the Kahiltna basin, which, along with the Mystic terrane (MY), 
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The Kahiltna sedimentary basin terrane is a flysch sequence consisting of Late Jurassic to 
Early Cretaceous argillite, phyllite, lithic greywacke, conglomerate, chert, mudstone, and 
limestone deposited along the southern margin of other northern Alaska terranes 
(Nokleberg et al., 1994). The Mystic terrane is locally fault-bounded and thrust over the 
Kahiltna terrane (Reed and Nelson, 1980) and consists of Ordovician shale and pillow 
basalts, Silurian limestone, Late Devonian to Pennsylvanian chert, sandstone, shale, 
conglomerate, and limestone reefs, Permian conglomerates, chert, argillite, and flysch, 
and Triassic pillow basalts and gabbro (Nokleberg et al., 1994).  
 Following the accretion of the Mystic terrane and the development of the Kahiltna 
flysch basin, Late Cretaceous to early Eocene magmatism was initiated in both east-
central and southwestern Alaska (Moll-Stalcup, 1994; Bundtzen and Miller, 1997; Hames 
et al., 2012) which is consistent with the subduction of the Kula plate as modeled by 
Plafker and Berg (1994) and Plafker et al. (1994). Cretaceous gold metallogenesis in 
southwestern Alaska is associated with three distinct magmatic episodes in northwestern 
North America at 112 Ma, 100-89 Ma, and 75-65 Ma respectively (Graham et al., 2013). 
The final 75 to 65 Ma metallogenic event is the focus of this study based on U/Pb dating 
of zircon from a monzonite sample collected near the Stoney vein on the Estelle property 
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Geologic Setting, Estelle Property 
 The composite Mount Estelle pluton is located approximately 170 km northwest of 
Anchorage and 60 km (37 mi) south of the right-lateral Denali fault (Figure 3), an 
important boundary feature of the Alaska Range, and 110 km (68 miles) north of the 
Lake Clark-Castle Mountain fault (Figure 3). The Denali fault formed as a result of 
southwest escape tectonism due to compression and continuous terrane accretion against 
the northern half of present-day Alaska from the Proterozoic through the Cenozoic 
(Csejtey et, al., 1982, Plafker et. al., 1989, Nokleberg et. al., 1994, Ridgeway et. al., 
2002).  
 The Estelle Plutonic complex (Figure 4) is an elongated, north-trending 65 km long 
pluton complex that intruded and variably metamorphosed sedimentary assemblages of 
the Kahiltna and Mystic terranes (Figures 3 and 4). Locally dark grey to black, fine- to 
coarse-grained greywacke, siltstone, limestone, and argillaceous shale are preserved, but 
close to the intrusion the units have been metamorphosed to hornfels and/or quartzite. 
The Estelle intrusions are cut by aplite, gabbro, dacite, and lamprophyre dikes as well as 
north-northwest trending veins that host gold mineralization.  
 The Estelle project area plutons are multi-phased zoned intrusions with granitic 
cores and mafic to ultramafic margins (Gibler, 2011). Reiners et al. (1996) reported that 
the compositional diversity in Estelle composite plutons was similar to that observed in a 
series of nine early Tertiary plutons just north of the Estelle Property in the Alaska 
Range. Reiners et al. (1996) sampled seven of these plutons and identified three distinct 
units based on field observations: an ultramafic unit consisting dominantly of olivine 
gabbro, gabbro, wehrlite, and dunite, an intermediate unit consisting dominantly of 
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biotite pyroxene gabbro and biotite pyroxene monzonite, and a granitic unit consisting of 
a biotite granite. Whole-rock geochemical, mineral chemical, and isotopic data revealed 
compositional trends that Reiners et al. (1996) explained through modeling. They 




Sr and the inverse correlation 
between ε(T)Nd and SiO2 among most of the samples, as well as the lithologic variation in 
the composite plutons, could be explained by magmatic differentiation of a basaltic 
magma that intruded the crust and assimilated the Kahiltna flysch. Xenoliths of biotite 
schist are present in the felsic end-members of the Estelle plutonic complex at the Oxide, 
Shoeshine, and Shadow Prospects supporting a Kahiltna flysch component. Attempts to 
model this assimilation-fractional crystallization (AFC) accounted for the compositional 
variability observed in the intermediate and granitic units, but were unable to explain 





Sr values (0.7062-0.7095) and lower SiO2 values (<48%) than other 
samples. Reiners et al. (1996) suggested the samples that did not fit the AFC trend were 
the result of contamination by an enriched mantle source such as the upper mantle 
beneath Alaska as evidenced by petrographic observations of phenocrysts with reaction 
rims, interstitial phases, and compositional zoning.  
Previous Work 
 Millrock began exploration work consisting of prospecting, rock sampling, and 
talus fines sampling along the bases of outcrops in 2008. Four anomalous gold zones 
were identified as prospects, Oxide, Shoeshine, Discovery, and Shadow (Figure 4), and 
drilled during the summer of 2011. Gold-mineralization was determined by ICP-MS 
analyses of core samples to be associated with the more felsic end-members (monzonite 
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to granite) of the core and thus these end-members became the focus of this study. 
 Previous work was also completed by Crowe et al. (1991), who analyzed fluid 
inclusions from quartz- and sulfide-filled ellipsoidal fractures in the central Estelle pluton 
northwest of the Shoeshine prospect (Figure 4). They reported two types of quartz-hosted 
fluid inclusions: moderate salinity (Type I), and high salinity (Type II). Type I inclusions 
are liquid-dominated, two-phase aqueous inclusions that lack daughter crystals. Type I 
inclusion salinities were reported to be between 10-26 wt. % NaCl equiv. with 
homogenization temperatures that ranged from 276-380°C. Crowe et al. (1991) compared 
Type I inclusions to the moderate salinity inclusions formed during the later stages of 
hydrothermal activity in porphyry systems. Type II inclusions contained liquid and vapor 
as well as halite, halite + sylvite, halite + sylvite + anhydrite, or halite + sylvite + calcite 
daughter crystals which were identified optically. Type II salinities range from 72.8-75.1 
wt. % (total salinity = wt. % NaCl + wt. % KCl) and had homogenization temperatures 
between 425 and 550°C.  Figure 5 is a plot of Type I and Type II inclusions in relation to 
the salinities of typical fluid inclusions from porphyry copper deposits. It was unclear to 
Crowe et al. (1991) if both fluid inclusion types (I and II) or just one type was related to 
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CHAPTER 3  
METHODS 
Sample Collection 
  Sample collection from the Estelle Property was accomplished in collaboration 
with Millrock exploration geologists during the summers of 2011 and 2012. Two hundred 
samples were collected from surface outcrops and drill core. Particular focus was placed 
on the felsic end-members as assay results indicated an association of gold with these 
rocks (see Appendix A for assay results and sample locations). Core samples were 
collected from four drill holes at four prospect sites on the Estelle property: Oxide (DH 
SE11_001) on the north end of the property, and Shoeshine (DH SE11_002), Shadow 
(DH SE11_003), and Discovery (DH SE11_004) (Figure 4) on the south end of the 
property.  
Petrography 
 Hand sample examination of 200 outcrop and drill-core samples was completed 
and seventy-four core samples were selected to be made into polished thin sections based 
on characteristics such as alteration mineral assemblages, intrusion lithologies, vein 
mineralogy, and textural relationships such as crosscutting veins. Mineral abundances 
were determined by visual estimations. Petrographic analysis of thin sections was 
conducted by both transmitted and reflected light microscopy on a Nikon Eclipse 50i 
Polarizing microscope. Photomicrographs were obtained with a Nikon Digital Sight D5-
Fi1 mounted microscope camera. 
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Scanning Electron Microscopy 
 A JEOL-5610 Scanning Electron Microscope (SEM) at University of Nevada, Las 
Vegas (UNLV) Electron Microanalysis and Imaging Laboratory (EMiL) was utilized to 
determine semi-quantitative mineral compositions. Energy dispersive spectrometry 
(EDS) analyses provided the chemical compositions of minerals and contributed to the 
overall mineral paragenesis of carbon-coated, polished thin sections. Images were 
collected using backscatter electron imaging (BEI) with a beam current of 20 kV and a 
working distance of 20 micrometers (spot size=40 micrometers). An Oxford/Gatan Mini-
Cathodoluminescence (CL) Detector mounted on the SEM was used to distinguish 
various generations of CL-active quartz. 
Electron Probe Microanalysis 
 A JEOL-8900 Electron Probe Microanalyzer (EPMA) at the University of 
Nevada, Las Vegas (UNLV) Electron Microanalysis and Imaging Laboratory (EMiL) 
was used to chemically quantify the major, minor, and trace element chemistry of sulfide 
minerals. Probe conditions for analysis and the suite of elements quantified in the sulfide 
minerals are provided in Table 1. Standard conditions are provided in Table 2. Two 
analyses on selected carbon-coated, polished thin sections were usually performed for 
each 1 to 2 micrometer spot at 20 kV, one for the major elements and one for trace 
elements, so that the beam current could be modified to optimize for the full range of 




 16  
 
                                                 Table 1. JEOL-8900 Conditions   
20 kV, 10 nA, 1 μm 
  
  
Majors 1 TAP 2 PETH 3 LIF 4 TAP 
 
As S Fe As 
 




Run Time (min) 1 1 1 1 
  
   
  
20 kV, 100 nA, 1 μm       
Trace 1 TAP 2 PETH 3 LIF 4 TAP 
 
Se Ag Tl Se 
 
Si Hg Au As 
 























Run Time (min) 0.4-1 1-4.3 1-3 1 
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          Table 2. Standard Conditions for JEOL-8900 Electron Probe Microanalyzer 
Element    Standard Name    Wt. % Peak (mm) Peak (sec) Backscatter (sec) 
As MAC-Arsenic   100 104.937 30.0 15.0 
S MAC-Chalcopyrite    34.93 172.253 30.0 15.0 
Fe MAC-Chalcopyrite  30.45 134.703 30.0 15.0 
Si SMH-Plagioclase  23.9576 77.405 30.0 15.0 
Ca MAC-Wollastonite  34.2981 108.291 30.0 15.0 
Cu MAC-Chalcopyrite  34.44 107.249 30.0 15.0 
Zn MAC-ZnS  67.1 133.145 30.0 15.0 
Mo GLR-Mo   99.9 173.335 30.0 15.0 
Co GLR-Co    100 124.523 30.0 15.0 
Se CM1-Se             99.99 97.717 30.0 15.0 
Al SMH-Plagioclase  16.3584 90.642 20.0 10.0 
Ag CM1-Ag  99.99 133.472 30.0 15.0 
Hg CM2-HgS   86.22 180.983 120.0 30.0 
Pb MAC-PbS  86.6 169.465 30.0 15.0 
W CM1-W  99.95 223.67 30.0 15.0 
Te CM2-PbTe  38.11 106.106 30.0 15.0 
Sb CM1-Sb 99.99 110.847 30.0 15.0 
Sn CM1-Sn  99.95 115.931 30.0 15.0 
Tl CM2-TlBr        71.89 83.921 120.0 30.0 
Au GLR-Au   99.9 88.717 200.0 30.0 
Bi CM1-Bi 99.99 79.461 120.0 30.0 
Ni GLR-Ni            100 115.347 30.0 15.0 
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Microthermometry 
 Forty-eight samples were selected for preparation of doubly polished thick 
sections based on the identification of fluid inclusion populations within quartz. Samples 
were examined under the microscope and selected for microthermometry based on the 
presence of fluid inclusion assemblages, presence of assemblages along growth zones or 
in secondary features, size, liquid to vapor ratios, and presence of daughter crystals. 
Inclusions were defined as fluid inclusion assemblages if they were spatially associated, 
had consistent phase relationships, homogenized at approximately the same temperature, 
and provided approximately the same salinity data (Goldstein and Reynolds, 1994). Fluid 
inclusion assemblages were identified as primary, secondary, or unknown based on the 
classifications of Roedder (1984), Bodnar et al. (1985), and Goldstein and Reynolds 
(1994). Two sections were selected based on the presence of gold-bearing veins to be 
broken into chips and analyzed using a computer-automated Linkam THSMG 600 
heating and freezing stage on an Olympus BX60 petrographic microscope. The stage was 
calibrated by analyzing synthetic fluid inclusions with known ice melting and 
homogenization temperatures. Ice melting temperatures were determined by monitoring 
ice melting, or by observing the contraction and expansion of the vapor bubble within 
individual inclusions as the temperature was cycled, and determining the temperature at 
which cooling below 0°C no longer caused contraction of the vapor bubble owing to the 
growth of ice crystals. Homogenization temperatures were determined by heating 
inclusions in 10°C increments until the liquid and vapor phases homogenized or the 
translucent daughter crystals melted. Salinities were calculated as weight percent NaCl 
equivalent and are based on equations from Bodnar and Vityk (1994). 




 The Estelle Property was intruded by elongated multi-phased zoned intrusions 
with felsic cores and mafic to ultramafic margins and which are collectively known as the 
Estelle Composite Plutons. The felsic end members were the focus of this study as assay 
results to date indicate they are the main gold hosts at the Estelle Property. The 
lithologies for these end members were characterized based on hand-sample (see 
Appendix B for sample descriptions) and polished section petrography (see Appendix C 
for thin-section descriptions) of drill core from the Oxide Prospect (SE11_001) on the 
north end of the property and the Shoeshine (SE11_002), Shadow (SE11_003), and 
Discovery (SE11_004) Prospects on the south end of the property (Figure 4). 
Petrographic classifications are based on primary and subsolidus minerals as they were 
difficult to differentiate. 
Oxide Prospect 
 The primary lithology in the Oxide core based on drill core samples is a fine to 
medium (<1-6 mm) grained biotite granite/granodiorite with variable titanium-bearing 
hornblende (1-3%). The mineralogy consists dominantly of feldspar (50-60%) plus quartz 
(20-30%) and biotite (5-10%) (Figure 6A). Plagioclase crystals are typically 1-6 mm, 
euhedral to subhedral, and commonly twinned (albite and Carlsbad). Orthoclase crystals 
are 1-6 mm in size, euhedral to subhedral, and are difficult to distinguish from 
plagioclase in hand-sample as the crystals are white in appearance. Quartz crystals occur 
as <1-3 mm, euhedral quartz-eyes. Biotite crystals are black where unaltered and occur as 
≤1 mm euhedral crystals that commonly form in ≤ 5 mm clots (Figure 6B). Hornblende, 
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where present in Oxide samples, composes ≤ 3% of the whole-rock lithology, is 1-2 mm 
in size, and is euhedral to subhedral. Accessory minerals include apatite, zircon, and 
rutile. Pyrite and arsenopyrite are disseminated everywhere throughout the groundmass 
and occur as fracture-coatings. 
 Two intrusive units cut the Oxide granite: black lamprophyre dikes (Figure 6C) 
and grey aplite dikelets (Figure 6D). The aplite dikelets are commonly wavy in 
appearance, 0.5-1.5 cm in width, and are composed of very fine-grained quartz and 
feldspar. The lamprophyre dikes typically have a width of 5-10 ft. in core and are 
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Shoeshine Prospect 
 The primary lithology in the Shoeshine drill-core is a fine to medium grained (<1-
15 mm) biotite quartz monzonite (Figures 7A and 7B). The mineralogy is dominated by 
plagioclase (40-60%) with variable amounts of orthoclase (30-35%), quartz (10-15%), 
biotite (≤10%), and hornblende (≤2%). Plagioclase crystals (1-15 mm) are euhedral, 
twinned (albite), white, and typically display growth zones. Orthoclase crystals are 
typically 1-2 mm, display Carlsbad twinning, and are subhedral to anhedral. Quartz 
crystals are sub-rounded to rounded and 1-3 mm in size. Biotite crystals (1-2 mm) are red 
brown in thin section, occur as euhedral equant crystals, and commonly occur in 1-4 mm 
clots. Hornblende crystals are rare and are euhedral to subhedral, brown in thin-section, 
and ≤2 mm in size. Observed accessory minerals include allanite (epidote group), zircon, 
and rutile. Chalcopyrite and pyrite are observed everywhere disseminated in the 
groundmass.  
 The Shoeshine biotite quartz monzonite encompasses xenoliths and is cut by two 
intrusive units: pink to grey aplite dikelets and whitish-green gabbro dikes. The xenoliths 
are a biotite schist composed of <1 mm quartz crystals (50%), <1 mm biotite crystals 
(50%), and localized 1-5 mm pyrite aggregates (Figure 7C). The pink to grey aplite 
dikelets are 6-8 mm in width and contain fine-grained quartz, plagioclase, and orthoclase 
with sparse pyrite. The whitish-green gabbro dikes contain fine-grained plagioclase 
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Shadow Prospect 
 The dominant igneous lithology in the Shadow drill core is a biotite quartz 
monzonite (Figure 8A) with sparse amphibole similar to that observed at Shoeshine. The 
igneous mineral assemblage is dominated by plagioclase (50-65%) with variable 
orthoclase (15-25%), quartz (10-20%), biotite (10-15%), and hornblende (< 2%). 
Plagioclase crystals (2-20 mm) are euhedral, twinned (albite and Carlsbad), white where 
unaltered, and display growth zones. Orthoclase crystals are typically <1-2 mm, 
subhedral, and difficult to distinguish at the macro-scale from plagioclase due to their 
white appearance. Primary quartz occurs as rounded quartz eyes that are 1-2 mm in size. 
Biotite crystals (≤1 mm) are euhedral equant crystals and black in hand-sample where 
unaltered. Amphibole phenocrysts are euhedral and 1-2 mm in size. Accessory minerals 
include rutile, zircon, and fibrous green actinolite. Chalcopyrite, malachite, and pyrite are 
observed locally disseminated throughout the groundmass.  
 Three intrusive units cut the Shadow biotite quartz monzonite; pink to grey aplite 
dikelets (Figure 8B), white gabbro dikes (Figure 8C), and grey, porphyritic dacite dikes 
(Figure 8D). The aplite dikelets (0.5-3 cm) contain quartz, plagioclase, and orthoclase 
and are distinguished from Type 2 (quartz-feldspar-sulfide) veins by their very fine-
grained nature. The white gabbro dikes are fine to medium grained, have a white sugary 
texture, and are altering to sericite/muscovite. The greenish-black dacite dikes contain 1- 
4 mm euhedral to subhedral plagioclase phenocrysts with a fine-grained groundmass 
consisting of quartz (55%), biotite (20%), feldspar (20%), and hornblende (5%). The 
Shadow biotite quartz monzonite also envelops 2-4 cm xenoliths that are composed of <1 
mm quartz crystals (50 %), < 1mm biotite crystals (50%), and disseminated pyrite. 
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Discovery Prospect 
 The dominant lithology observed in the Discovery Prospect is a fine to medium 
grained biotite quartz monzodiorite (Figures 9A and 9B). The igneous mineral population 
is dominated by plagioclase (65-70%) with variable amounts of orthoclase (10-20%), 
quartz (10-15%), and biotite (≤ 5%). Plagioclase crystals (1-10 mm) are subhedral, 
typically twinned, and display growth zones. Orthoclase crystals are ≤ 2 mm in size, 
white in color, typically subhedral to anhedral, and distinguishable by SEM analyses. 
Quartz crystals occur as rounded quartz eyes and are 1-2 mm in size. Biotite crystals are 
1-3 mm in size, euhedral, and locally black where unaltered. Pyrrhotite and pyrite are 
everywhere disseminated throughout the groundmass. 
 The Discovery biotite quartz monzodiorite is cut by grey aplite dikelets (Figure 
9C) and envelopes biotite-rich schist xenoliths (Figure 9D). The aplite dikelets are 0.5-2 
cm in size, contain very-fine grained quartz and plagioclase with variable orthoclase, and 
commonly have wavy contacts. The 2-3 cm biotite-rich xenoliths are composed of <1 
mm biotite crystals (70%), <1 mm quartz crystals (30%), and disseminated pyrite. 
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Interpretation and Discussion 
 While the Oxide, Shoeshine, Shadow, and Discovery Prospects are all similar in 
that they represent the felsic end-members of the zoned Estelle pluton, there is a range in 
felsic lithologies amongst the four prospect sites. The biotite granite/granodiorite at the 
Oxide Prospect on the north end of the property contains greater quartz than the biotite 
quartz monzonite at the Shoeshine and Shadow prospects as well as the biotite quartz 
monzodiorite at the Discovery Prospect on the south end of the property (Figure 10). 
There is also a variation in composition at the southern end of the property as the 
Shoeshine and Shadow biotite quartz monzonites contain more orthoclase than the more 
northerly Discovery biotite quartz monzodiorite. This trend in mineral orthoclase may 
also be reflected in the wavy aplite dikelets that are inferred to have intruded while the 
Estelle plutons were still ductile, owing to the presence of the sinuous dike contacts with 
the intrusive rocks. The aplite dikelets have marked variation in color (pink to grey) at the 
four prospect locations due to orthoclase versus plagioclase content. 
 Taken as a whole, the felsic end-members of the Estelle prospects share many 
similarities with intrusive rocks documented in RIRGS deposits. The characteristic low 
fO2 nature of RIRGS deposits (Thompson and Newberry, 2000) is suggested at Estelle as 
no magnetite was observed in the core. This observation is supported by whole rock 
geochemical analyses where all samples except for one from the Shoeshine Prospect were 
<1.0 weight percent Fe2O3/ FeO. (K. Gibler, Personal Communication, 2013). This 
observation contradicts a porphyry genetic model as porphyry deposits are associated 
with oxidized, magnetite-bearing intrusions as defined by Ishihara (1981). 
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CHAPTER 5 
VEIN AND SULFIDE MINERAL PARAGENESIS STUDY 
 Hand sample examination, transmitted and reflected light petrography, SEM 
analyses, EMPA analyses and assay data have contributed to recognizing that gold occurs 
in veins cutting the most felsic members of Estelle Property plutons. Four main vein 
types have been identified and temporally classified based on their mineralogy and 
crosscutting relationships; Type 2 and Type 3 veins are gold bearing and their sulfide 
mineralogy has been identified and described. 
Type 1 Veins 
 Vein type 1 is a quartz-only vein that commonly has sinuous contacts with the host 
rock (Figure 11A). The quartz is typically milky (Figure 11B) in appearance and is coarse 
grained (>5 mm). These veins have an alpha angle (the acute angle between the core axis 
and the vein) equal to 0 to 20°, after correction for core orientation. Sparse molybdenite 
is locally present in veins that are recognizable as Type 1 quartz veins owing to their 
similar quartz and alpha angle, which is distinct from more horizontal alpha angles, 
typically 50 to 85°, found for Type 2 and Type 3 veins. 
Type 2 Veins 
 Type 2 veins are planar quartz-sulfide-albite+gold veins (Figure 11C). The veins 
are narrow (1-10 mm) with a single mineral typically in contact with both vein walls. The 
quartz is translucent grey and coarsely crystalline. The albite is white, tabular, and 
typically altered to fine-grained (≤1 mm) sericite (Figure 11D). Coexisting pyrite, 
pyrrhotite, and arsenopyrite are the sulfides observed in Type 2 veins. Arsenopyrite is 
either barren (Figure 11E) or contains inclusions of loellingite and/or Au-Bi-Te alloys 
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(Figure 11F; see Appendix E for EMPA results). Barren arsenopyrite is most commonly 
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Type 3 Veins 
 Type 3 veins are planar quartz-sulfide-chlorite±ankerite±gold veins that are 
locally sheeted (Figure 12A). The sheeted nature of these veins means they occur as 
parallel sets of veins which results in their commonly being more abundant than other 
vein types; Figure 12A, for example, displays five veins per cm.  Type 3 veins are 
narrow, ranging from <1 mm – 1 cm in diameter, with a single crystal typically in contact 
with both vein walls. The quartz is finely crystalline and translucent grey. Ankerite 
[Ca(Fe,Mg,Mn)(CO3)2] occurs as coarse rhombohedrons and is yellowish-white in color. 
Chlorite is fine-grained and green in hand sample (Figure 12B). Type 3 veins are 
polymetallic with coexisting chalcopyrite, pyrrhotite, and arsenopyrite forming the most 
common sulfides. Additional sulfide minerals are less commonly present.  Galena, 
argentiferous galena, and bismuthiferous galena occur free in veins and as inclusions in 
pyrrhotite, chalcopyrite, and arsenopyrite (Figure 12C). Boulangerite (Pb5Sb4S11), 
pyrargyrite (Ag3SbS3), and the solid solution series of ullmanite (NiSbS) - willyamite 
((Co, Ni)SbS) form incomplete rims on chalcopyrite (Figure 12D, Appendices B and C). 
Where chalcopyrite was in contact with cuprite and/or delafossite, acanthite exsolved and 
formed beads aligned along the contact (see Appendix D for SEM results) on the surface 
of the polished section (Figure 12E). Sections were repolished to remove the beads and 
new acanthite beads again formed within four months.  
 Gold occurs within quartz as electrum (see Appendix D for SEM results); 
however, similar to Type 2 veins, gold most commonly is present as inclusions of Au-Bi-
Te in arsenopyrite associated with loellingite (Figure 12F; Table 3). Also similar to Type 
2 veins, arsenopyrite may be barren, but where loellingite is present, Au-Bi-Te inclusions 
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are always present along the arsenopyrite-loellingite contact (Figure 11G). The Au-Bi-Te 
inclusions are < 5 μm in diameter and the EMPA revealed their element ratios are highly 
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Type 4 Veins 
 Type 4 veins are calcite-only veins (Figure 13A) that are typically branching in 
nature, fine- to coarsely-crystalline, and iron-oxide stained (Figure 13B). Unlike the 
yellow ankerite observed in Type 3 veins, the calcite is translucent in hand sample. 
Spatial Relationships 
All four vein types were observed at the four studied prospect locations and their 
paragenesis was determined by cross-cutting relationships. Type 2 veins were observed 
cutting Type 1 veins in core drilled during the summer of 2012 (sample not part of this 
study). Type 3 veins were observed cutting Type 2 veins (Figure 13C) and Type 1 veins 
(Figure 13D). Type 4 veins were observed cutting Type 3 veins (Figure 13E) as well as 
all other vein types. The Oxide, Shoeshine, and Shadow Prospects contain more sheeted 
Type 3 veins than the Discovery Prospect, hence the higher grade gold assays. Examined 
Discovery core contains abundant Type 2 and Type 3 veins; however, the arsenopyrite is 
typically barren of gold. Locally intrusions such as aplite dikelets at Estelle host gold 
mineralization because these dikelets have been crosscut by Type 2 (Figure 13F) and 
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Interpretation and Discussion 
 Cross-cutting relationships indicate the vein paragenesis and vein mineralogy and 
textures provide information about the relative timing of formation. Type 1 quartz-only 
veins have locally wavy or sinuous contacts indicating the veins formed early as fractures 
cut the hot, ductile Estelle pluton. Types 2, 3, and 4 veins, however, lack the consistent 
sinuous contacts that Type 1 veins exhibit with host rocks, suggesting these veins cut 
brittle rocks and had a lower formation temperature. Type 1 veins locally contain 
molybdenite, which precipitates at higher temperatures than do the lead, antimony, and 
silver sulfide minerals present in Type 3 veins (Figure 14), further supporting the 
interpretation that Type 1 veins formed at a higher temperature than the later vein types 
(Helgeson, 1964; Barnes, 1979).  Type 2 veins contain albite, also suggesting a higher 
formation temperature than indicated for Type 3 veins, which contain chlorite and 
ankerite.  
 While all four vein types are present at the four prospect locations, the sheeted 
texture of Type 3 veins results in their being more abundant than the other vein types. 
Though vein Types 2 and 3 both host gold mineralization, the greater abundance of Type 
3 veins makes it the main Estelle gold host.  A direct correlation between gold grade and 
vein density is similarly reported at the Fort Knox and Dublin Gulch RIRGS deposits 
(Hart, 2007). Type 3 veins also contain silver-bearing chalcopyrite that upon oxidation 
exsolves silver in the form of acanthite beads (Argentiferous CuFeS2 (chalcopyrite ± 
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CHAPTER 6 
ALTERATION MINERAL ASSEMBLAGES 
 Alteration assemblages at Estelle are spatially associated with veins and the 
alteration mineralogy varies with vein type. Visible alteration, with the exception of 
pervasive silicification, is restricted to narrow envelopes adjacent to veins leaving the 
majority of the host Estelle plutons relatively unaltered. Type 4 calcite veins lack an 
associated alteration selvage. 
Alteration Associated with Type 1 Veins 
 Quartz is the only alteration mineral associated with Type 1 veins and 
silicification adjacent to veins is pervasive in examined samples from all studied 
prospects making primary quartz difficult to quantify. Quartz occurs as very fine crystals 
surrounding original crystals and as inclusions within igneous feldspar (Figure 15A) and 
quartz crystals (Figure 15B), and in growth zones, suggesting multiple stages of 
silicification. Primary quartz was distinguished from secondary quartz based on crystal 
size and shape. 
Alteration Associated with Type 2 Veins 
 Albite was identified by SEM as a common alteration mineral associated with 
Type 2 veins, and it commonly occurs within the 1-30 mm bleached vein selvages.  
Albite forms rims on igneous orthoclase and plagioclase crystals (Figure 15C) proximal 
to the veins forming a “secondary” porphyry-like texture in which the crystals appear 
larger than their primary size. 
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 Potassic alteration was locally observed at the Oxide Prospect also within Type 2 
vein selvages. Where present, secondary orthoclase floods the groundmass resulting in a 
distinct pale pink hue (Figure 15D). 
 Sericite alteration of feldspars was observed within Type 2 veins and as selvages 
proximal to Type 2 veins at all studied prospects. Albite within Type 2 veins has altered 
almost entirely to fibrous, fine-grained sericite making petrographic determination of the 
feldspar type difficult (Figure 16A).  Igneous plagioclase and, in advanced cases, 
orthoclase adjacent to veins have also altered to sericite resulting in a pearly white 
appearance (Figure 16B). Locally, as associated with gabbro dikes, sericite crystals are 
coarse enough to be considered muscovite. 
Alteration Associated with Type 3 Veins 
 Chlorite is the main alteration mineral associated with Type 3 veins at Estelle. 
Chlorite forms 0.2-10 cm vein selvages adjacent to Type 3 veins, and is also present 
within the vein (Figure 16C), where it partially or completely replaces biotite (Figure 
16D). Pyrite is commonly present along chlorite cleavage planes. 
 Sericite and carbonate alteration are also associated with Type 3 veins. 
Plagioclase adjacent to Type 3 veins has altered to sericite and very fine crystalline 
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Interpretation and Discussion 
 Alteration spatially associated with veins at the Estelle property is related to vein 
mineralogy and paragenesis, as resulting from fluid-rock reaction and decreasing system 
temperature.  Alteration associated with vein types 2 through 4 consistently shows 
overprinting by later, lower temperature alteration assemblages.   
Silicification is associated with Type 1 as well as Type 2 and Type 3 veins, and 
therefore occurred as system temperature decreased. Type 2 veins locally have orthoclase 
selvages indicating formation at relatively high temperatures and as part of early, high 
temperature potassic alteration (Sillitoe, 2010). Albite is also observed within and as 
selvages on Type 2 veins (Figure  17) and is interpreted to have formed early at relatively 
high temperatures as well as part of a sodic alteration event. Albite within Type 2 veins 
has been replaced by finely crystalline white mica as have albite and orthoclase in 
selvages adjacent to Type 2 and Type 3 veins [3KAlSi3O8 (orthoclase) + 2H
+ → 
KAl3Si3O10(OH)2 (sericite) + 6SiO2 +2K
+
]; [3NaAlSi3O8 (albite) + 2H
+ → 
NaAl3Si3O10(OH)2 (paragonite) + 6SiO2 +2Na
+
].   The selvages have also been silica-
flooded reflecting likely later, lower-temperature quartz-sericite or phyllic alteration. 
Chlorite, which forms at greenschist facies temperatures below those of potassic and 
sodic alteration (Sillitoe, 2010), is present within Type 3 veins and as a selvage on Type 3 
veins reflecting lower formation temperatures. Pyrite is present in secondary chlorite 
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CHAPTER 7 
FLUID INCLUSION STUDY 
 Fluid inclusion assemblages (FIAs) were identified and examined in Type 2 and 
Type 3 veins from the Discovery and Oxide Prospects respectively, as these vein types 
host gold at the Estelle Property.  The inclusions were classified based on their 
appearance at 25°C. Four origins of fluid inclusions were identified for the Estelle 
Property. Primary, secondary, and unknownA inclusions comprise fluid inclusion 
assemblages while unknownI are isolated inclusions, not part of a fluid inclusion 
assemblage. Primary fluid inclusion assemblages occur along or within distinct growth 
zones in individual quartz crystals. Secondary fluid inclusion assemblages occur along 
fractures in individual quartz crystals. UnknownA fluid inclusion assemblages are fluid 
inclusions that were not readily identified as primary or secondary fluid inclusions 
because they did not occur in clearly defined growth zones or fractures.  
 Three general fluid inclusion classes were observed within FIAs and comparisons 
at similar depths showed the inclusions were relatively consistently distributed at the 
Oxide and Discovery Prospects (Figure 18). Generally, Class 1 FIAs contain irregular to 
sub-rounded two-phase, liquid-vapor inclusions with < 10 vol% vapor and an inclusion 
diameter of 1-10 um (Figure 19A). Class 2 FIAs contain irregular to sub-rounded ≥ three-
phase, liquid-vapor-halite inclusions with 1-10 vol% vapor and an inclusion diameter of 
2-20 um. Halite-bearing inclusions may contain one to three additional translucent 
daughter crystals. Class 3 fluid inclusions were 5-10 um diameter two-phase, liquid-
vapor inclusions with 60-85 vol% vapor. Locally, fluid inclusion assemblages contained 
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coexisting Class 2 and Class 3 fluid inclusions (Figure 19B), likely indicating 
immiscibility. 
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Microthermometric Data 
 Microthermometry was conducted on fluid inclusion assemblages from the Oxide 
and Discovery Prospects on the north and south ends of the property, respectively. The 
range of homogenization temperatures of all analyzed inclusions from Type 3 veins from 
Oxide Prospect Sample 687303 is from 125° to >500°C; however, a majority of the 
inclusions homogenized to liquid between about 225 and 350°C (Figure 20A). Five 
unknownA fluid inclusions with 60-80 vol% vapor (Class 3) appeared to homogenize to 
vapor between about 125 and 330°C, although the temperature may be higher owing to 
the difficulty in observing true inclusion homogenization to vapor (Sterner, 1992). 
Alternatively, six unknownA fluid inclusions with 1-2 vol% vapor (Class 1) homogenized 
to liquid between 125°C to >500°C. Homogenization temperatures of nine primary 
liquid-vapor inclusions with 1-2 vol% vapor (Class 1) in Type 3 veins from the Oxide 
Prospect range between 175°C and >500°C with most of these inclusions homogenizing 
to liquid from 225°C to 275°C. Homogenization temperatures of 22 secondary fluid 
inclusions consisting of Class 1 and Class 2 FIAs range between 175°C and  400°C with 
a majority homogenizing to liquid between 250°C and 350°C. Homogenization 
temperatures of five unknownI fluid inclusions range from 275°C to >500°C.   
 Calculated salinities (wt.% NaCl equivalent) of primary, secondary, unknownA, 
and unknownI two-phase Class 1 fluid inclusions in Type 3 veins from Oxide Prospect 
Sample 687303 range between 7.9 and 22.1 wt.% NaCl equiv. (Figure 20B). Three-phase 
secondary and unknownI inclusions from Oxide have salinities that range from 28.4 to 
36.4 wt.% NaCl equiv. and halite dissolution for these inclusions occurred between 125 
and 175°C. 
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 Homogenization temperatures of two- and three-phase inclusions from Type 2 
veins from Discovery Prospect Sample 879933 range from 225 to >450°C.  All but one 
secondary inclusion and four unknown inclusions homogenize between 275 and 450°C 
(Figure 21A). Inclusions homogenizing within this range include both two-phase liquid-
vapor inclusions and three-phase halite-bearing inclusions. Two primary Class 3 
inclusions appeared to homogenize to vapor between 350-375°C, though they may have 
homogenized at higher temperatures; these inclusions appeared to coexist, in quartz 
adjacent to arsenopyrite, with five primary Class 2 3-phase inclusions that homogenized 
to liquid between 325-400°C. 
 Brine inclusions with multiple daughter crystals at Discovery are interpreted to 
contain halite ±sylvite ±calcite ±magnesium chloride. Halite is the largest translucent 
cubic daughter crystal and it always dissolved at <200°C. Sylvite was inferred to be the 
second largest, irregularly-shaped translucent daughter crystal that always dissolved at 
<100 °C.  Commonly, a translucent rhombohedral crystal was observed in brine 
inclusions that did not dissolve up to 500°C and it was inferred to be calcite.   Locally, a 
< 2 um translucent daughter crystal was observed that was too small for melting 
temperatures to be accurately determined, but because ice in brine inclusions began to 
melt on heating at approximately -33.6°C the salt is interpreted to be MgCl2 based on its 
eutectic temperature (Crawford, 1981). Limited data exist for MgCl2-systems, but Sterner 
et al. (1987) suggested that for high salinity fluid inclusions, NaCl and KCl contents 
estimated from microthermometric data would be high if significant MgCl2 is present. 
Calculated salinities (wt.% NaCl equivalent) for most primary and secondary three-phase 
inclusions at Discovery range between 29 and 40 wt.% NaCl equiv. based on halite 
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dissolution for these inclusions. Two-phase secondary and unknownA fluid inclusions 
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Interpretation and Discussion 
 Analyzed fluid inclusions from the Oxide and Discovery Prospects have 
approximately similar homogenization temperatures, with a majority of inclusions 
homogenizing to liquid between approximately 200 and 400°C (Figure 22) although 
homogenization temperatures to liquid at Oxide extend to 150°C. Salinities of primary 
and secondary Class 2 3-phase fluid inclusions in Type 2 veins at Discovery cluster 
between 29-34 wt.% NaCl equiv. while the salinities of unknownA Class 1 fluid 
inclusions cluster around 20 wt.% NaCl equiv.  The salinities of fluid inclusions in Type 
3 veins at the Oxide Prospect appear to have a larger and more irregular range than at 
Discovery, but secondary Class 2 3-phase inclusions have salinities of approximately 30 
wt.% NaCl equiv. and possibly a trend is evident in that most primary and secondary 2-
phase inclusions have salinities of 10-20 wt.% NaCl equiv. The somewhat lower 
temperatures and salinities at Oxide, as compared to Discovery, may be a function of vein 
type as Type 3 veins have lower salinities and temperatures compared to the earlier Type 
2 veins. 
 A plot of constant density isochores in pressure-temperature space for 20 and 30 
wt.% NaCl in the NaCl-H2O system from Bodnar (1994) allows for evaluation of fluid 
inclusion trapping conditions (Figure 23A and B). Approximate pressure estimates are 
obtained from fluid inclusions trapped under immiscible or boiling conditions as is the 
case with a primary fluid inclusion assemblage in a Type 2 vein from Discovery. Two-
phase, 80-85 vol% vapor inclusions appeared to homogenize to vapor at 350-375°C and 
were interpreted to coexist with three-phase, liquid-vapor-halite inclusions that 
homogenized to liquid between 325-400°C and had salinities of 29.7-31.4 wt.% NaCl; 
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halite-melting temperatures were between 150-200°C. Plotting these data for 30 wt.% 
NaCl (Figure 23B) at 400°C indicates trapping pressures in Type 2 veins occurred at 
approximately 250 bars. Assuming lithostatic pressure, 250 bars approximately equals 1 
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 A comparison of the fluid inclusion data from this study with Crowe et al. (1991) 
shows that the Crowe et al. (1991) Type I liquid-dominated, two-phase aqueous 
inclusions with salinities between 10-26 wt. % NaCl equiv. and homogenization 
temperatures between 276-380°C are consistent with some inclusions examined at both 
the Oxide and Discovery Prospects. However, Crowe et al. (1991)’s Type II inclusions 
with salinities between 72.8-75.1 wt. % (total salinity equal to wt. % NaCl + wt. % KCl) 
and homogenization temperatures between 425-550°C were not identified in this study. 
The lower salinities and homogenization temperatures in this study may be a function of 
sample location as Crowe et al. (1991) reportedly collected samples in the vicinity of the 
Shoeshine Prospect from quartz- and sulfide-filled ellipsoidal fractures. 
 A comparison of fluid inclusion data from Estelle with data from other documented 
RIRGS deposits (Baker and Lang, 2001; Baker, 2002) shows that most Au-Bi-Te-W 
veins contain fluid inclusions that trapped early, high-temperature (300-380°C), CO2-rich 
(5-14 vol% vapor) and low salinity (2-6 wt.% NaCl equiv.) fluid inclusions. However, 
CO2 was not identified in fluid inclusions at Estelle. This difference may be a function of 
depth of sample formation as Baker and Lang (2001) and Baker (2002) reported Au 
deposition at depths up to 9 km and Estelle formed at fairly shallower depths as indicated 
by fluid inclusions with pressure estimates of approximately 250 bars which when 
assuming lithostatic pressure indicates approximately a 1 km depth of formation. Baker 
and Lang (2001) did, however, report H2O inclusions of low to moderate salinity that 
homogenized between 154 and 261 °C at Emerald Lake and Dublin Gulch which may be 
similar to Class 1 two-phase, liquid-vapor inclusions with < 10 vol% vapor at Estelle. 
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CHAPTER 8 
INTERPRETATION AND DISCUSSION 
Mineralization 
The primary purpose of this study was to identify and describe the occurrence of 
gold mineralization at four prospect locations at the Estelle Property.  This was 
accomplished by examining and describing the host rocks, vein assemblages, mineral 
paragenesis, and associated alteration, and by conducting preliminary fluid inclusion 
analyses. Gold had been previously determined by assay to be hosted in the felsic end-
members of composite plutons and macro and micro descriptions provided by this study 
reveal lithological variations in these intrusion end-members at the four prospect 
locations. Gold mineralization was also determined to be spatially associated with 
arsenopyrite within Type 2 and Type 3 veins that have narrow alteration envelopes 
consisting dominantly of albite + sericite and chlorite + sericite, respectively. Type 3 
veins appear to be the main host for gold mineralization due to their greater abundance 
owing to their commonly sheeted nature. Fluid inclusion analyses revealed that fluid 
inclusions from Type 2 veins had homogenization temperatures of approximately 275-
400°C with salinities ranging from 15-35 wt.% NaCl equiv. Fluid inclusions from Type 3 
veins had homogenization temperatures of approximately 225-350°C, but salinities 
ranged from 5-30 wt.% NaCl. The presence of coexisting vapor-rich and brine inclusions 
in some Type 2 veins indicates trapping conditions of some inclusions at approximately 
250 bars and 400°C. 
SEM and EMPA analyses revealed that gold within arsenopyrite, commonly 
spatially associated with loellingite, is present as inclusions that also contain Bi and Te. 
 62  
 
The association between gold-arsenopyrite-loellingite has been documented previously in 
volcanogenic massive sulfide deposits (Cook and Chryssoulis, 1990) and reproduced 
experimentally (Tomkins and Mavrogenes, 2001). Tomkins and Mavrogenes (2001) 
determined that the retrograde reaction of loellingite (FeAs2) + pyrrhotite ((1/x)FeS(1-x)) 
→ arsenopyrite (2FeAsS) + pyrrhotite (((1+x)/x)FeS) would exsolve invisible gold 
contained in loellingite. They demonstrated this reaction by heating crushed gold-bearing 
loellingite and pyrrhotite in a platinum-sealed graphite capsule to 650° C.  Tomkins and 
Mavrogenes (2001) noted that as the temperature dropped, progressive destruction of 
loellingite was observable in mineral textures and gold collected especially along the 
loellingite-arsenopyrite contact (Figures 24A & 24B). The association of Au with 
arsenopyrite and loellingite is observed at the Estelle Property although pyrrhotite is not 
commonly present; spatial relationships between pyrite and arsenopyrite suggest an 
alternate reaction at Estelle: loellingite (FeAs2) + pyrite (FeS2) → arsenopyrite (2FeAsS) 
+ gold exsolved from loellingite (Figures 24C-24F).  Various stages of replacement are 
evident at Estelle as relict loellingite is commonly observed in the core of arsenopyrite. 
While the destruction of loellingite explains the location of Au, it does not explain 
the presence of Au as heterogeneous Au-Bi-Te alloys. Ciobanu et al. (2010) noted the 
occurrence of Au-Bi-Te droplets within ore minerals and proposed that Au is scavenged 
by bismuth-telluride-rich melts (Ciobanu et al., 2005). Their hypothesis suggests that 
bismuth-telluride can exsolve as an immiscible melt and extract Au from a coexisting 
hydrothermal fluid or silica melt more effectively than Au can precipitate from an 
aqueous fluid exsolved from the silica melt. This bismuth-telluride melt can remain liquid 
to temperatures of 241°C and Ciobanu et al. (2005) suggested that temperatures spanning  
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271-447°C were ideal for Au scavenging and, at a temperature of 447°C, up to 43 wt.% 
Au could be extracted from the melt. These temperatures are consistent with 
homogenization temperatures from Discovery and Oxide as a majority of fluid inclusions 
had minimum homogenization temperatures from approximately 200-400°C. These 
temperatures are also consistent with Estelle being classified as a reduced deposit as the 
sulfide assemblage observed at Estelle spans the very low to intermediate stability fields 
for sulfur fugacity proposed by Einaudi et al. (2003) (Figure 25). These processes suggest 
the following ore formation model for Estelle: 
1. Subduction along southern Alaska produced a Late Cretaceous melt that 
intruded and incorporated the Kahiltna flysch in the vicinity of the Estelle 
Property. This crustal contamination along with fractional crystallization 
(Reiners et al. 1996) produced the zoned Estelle plutonic complex, the felsic 
end-members of which host gold mineralization. 
2. While the plutonic complex was still ductile, a fracturing event occurred at > 
400°C, and a hydrothermal fluid exsolved, and precipitated Type 1 quartz-
only veins and silicified proximal host rocks. 
3. As the melt continued to crystallize, a Bi-Te melt separated from the silica 
melt and scavenged Au from the exsolving hydrothermal fluid or silica melt. 
Fractures that formed at approximately 300-400°C were filled by Type 2 veins 
containing albite, pyrite, arsenopyrite, and pyrrhotite with albite or orthoclase 
selvages. Bi-Te-Au melt droplets that coexisted with the hydrothermal fluid 
were captured by precipitating loellingite. Vein quartz trapped fluid inclusions 
that have homogenization temperatures of approximately 275-400°C and 
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salinities ranging from 15-35 wt.% NaCl equiv.   Coexisting liquid- and 
vapor-rich fluid inclusions demonstrate that exsolving aqueous fluids became 
immiscible at temperatures as high as 400°C and 250 bars, indicating 
mineralization formed at a depth of approximately 1 km. 
4. Later fractures were filled by Type 3 veins containing chalcopyrite, pyrrhotite, 
arsenopyrite, and base metal sulfides that have chlorite + sericite selvages. Bi-
Te-Au melt droplets were captured by precipitating loellingite and vein quartz 
trapped fluid inclusions with homogenization temperatures of approximately 
225-350°C and salinities of 5-30 wt.% NaCl. Gold exsolved from the silica 
melt in a hydrothermal fluid precipitated as electrum in Type 3 veins.  
5. With continued cooling, loellingite and pyrrhotite and/or pyrite reacted to 
produce arsenopyrite with discrete solid inclusions having heterogeneous 
concentrations of Au-Bi-Te.  
6. Late-stage fractures have calcite-only veins. This event was likely 
contemporaneous with or followed by oxidation as calcite veins are typically 
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Genetic Model 
 A secondary goal for this project was to determine if the mineralization in the four 
analyzed prospects at the Estelle Property fit into the continuum of known ore deposit 
formation models such as reduced intrusion-related gold systems (RIRGS) or a gold-only 
porphyry deposit.  Study results suggest that the 1) association of gold with Bi-Te, 2) 
occurrence of sheeted veins containing arsenopyrite-bearing Au, 3) restriction of 
alteration to narrow selvages adjacent to veins, and 4) limited abundance of veins 
observed at the Estelle Property are consistent with the genetic deposit model for RIRGS. 
Sheeted Type 3 veins are exposed at the surface of the Estelle Property suggesting Estelle 
has been exhumed to the apex level of Hart’s (2007) RIRGS cross-section (Figure 26). 
However, there are some features of the Estelle Property that are different from those 
noted by other researchers. 
 Thompson and Newberry (2000), for example, noted RIRGS deposits are 
commonly enriched in tungsten minerals and those have yet to be identified visually 
within Estelle drill core. Tungsten in detectable is assay results, but it does not correlate 
well with Au. Hart (2007) noted that RIRGS deposits are typically Cu-poor, but at the 
Estelle Property chalcopyrite is one of the main sulfides observed in Type 3 veins and in 
fact is the dominant host for silver. Another difference between Estelle and other RIRGS 
deposits is that observed fluid inclusions at Estelle lack the CO2-rich component observed 
by other researchers (Baker and Lang, 2001; Baker, 2002); this feature is likely related to 
the shallow depth of formation as indicated by trapped coexisting fluid inclusions. 





Application in Exploration for RIRGS Deposits 
The data generated in this study have contributed to understanding the nature of 
gold mineralization at the Estelle Property, and will contribute to the evolving body of 
knowledge concerning the RIRGS deposit class. Other workers (Lang et al., 2000; Hart, 
2007) have focused on RIRGS located within the Tintina Gold Province (Figure 27A); 
however, the location of the Estelle Property south of the Denali Fault suggests a 
potential for undiscovered RIRGS in the Alaska Range. The styles of gold mineralization 
that have been labeled as RIRGS are diverse and range from pluton-hosted to country-
rock hosted, from structurally-controlled to stratigraphy-controlled, and from vein-hosted 
mineralization to disseminated mineralization. Analytical results produced for the Estelle 
property will hopefully provide a greater reliability in predicting the location and quality 
of a given deposit on both the local and global scale of exploration as it has distinct 
characteristics that can be used as a comparison for other deposits. New discoveries of 
gold deposits consistent with RIRGS are being found worldwide and being characterized 
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Future Work 
 Exploration at the Estelle Property is ongoing and nine new drill holes were 
drilled during the summer of 2012, two of which were at new prospect sites, RPM and 
West Wing. Detailed macro- and microanalysis of samples from these new prospects will 
add to the overall understanding of the Estelle property and should be considered for a 
future graduate-level project. 
 While characterizing the new prospect locations on the Estelle Property will be 
helpful, a second detailed study of the current prospects would also be enlightening. This 
project included a fluid inclusion survey that identified fluid inclusions are associated 
with Type 2 and 3 veins at two prospects.  A detailed fluid inclusion study that is focused 
on examining all vein types at a larger number of prospects is necessary to truly decipher 
the evolution of ore fluid(s). Furthermore, the Estelle Property would benefit from a fluid 
inclusion project that includes Laser Ablation-Inductively Coupled Plasma-Mass 
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